Applanatumols Z3 (1) and Z4 (2), two novel natural product hybrids consisting of a meroterpenoid and a glycerol and three known compounds (3-5) were isolated from the fruiting bodies of the fungus Ganoderma applanatum. Their structures were elucidated by means of spectroscopic methods, ECD and 13 C NMR calculations. It is of particular interest that 1 and 2 are rare separable conformers. Racemic 1 and 2 were further separated by chiral HPLC to afford their respective enantiomers, whose biological activities were evaluated against JAK3 and DDR1 kinases.
Introduction
Ganoderma fungi are well-known mushrooms in some Asian countries due to their medicinal and economic value. In China, several Ganoderma species are used as lingzhi. Lingzhi mushrooms are called "cure-all medicine" indicating their wide pharmacological activities and therapeutic indications. However, chemical investigations on lingzhi in the last decades focused mainly on triterpenoids and polysaccharides, 1,2 the other classes of substances present in Ganoderma were largely ignored. We have characterized several meroterpenoids as a new class of metabolites from Ganoderma.
3-10 Biological evaluation revealed their potential on oxidative stress, 2,3 inam-mation, 2 and T-type calcium channels. 7 To further explore the chemical and biological diversity of meroterpenoids in Ganoderma, the title fungal species was studied and structurally novel meroterpenoids were described by us. [4] [5] [6] [7] In the course of our continuing efforts on this species, applanatumols Z3 and Z4 as two novel meroterpenoidal hybrids as well as conformers were isolated (Fig. 1) . Considering that G. applanatum is used for treating cancer, brosis, diabetic nephropathy, and tuberculous allergic arthritis in Chinese folk, and JAK3 (Janus kinase 3) and DDR1 (discoidin domain receptor 1) are attractive drug targets for the above diseases, 11, 12 the biological activities of the isolates towards these targets were therefore accessed.
Results and discussion

Structure elucidation
(AE)-Applanatumol Z3 (1), obtained as a yellowish powder, has the molecular formula C 19 H 22 O 9 (9 degrees of unsaturation), based on analysis of its HREIMS, 13 C NMR and DEPT spectra. The 1 H NMR spectrum (Table 1) HMBC correlations (Fig. 2 ) of H-11 0 , H-12 0 /C-10 0 and the diagnostic chemical shi of C-10 (d C 106.7) evidently suggest the presence of ring D. Therefore, the planer structure of 1 was identied, which is actually a product of 3 reacting with a glycerol. The relative conguration of 1 was assigned using ROESY data, which gave correlations (Fig. 3) No. 
which suggested the absolute conguration of (À)-1 to be 3 0 R,6 0 R,7 0 S,10 0 S,11 0 R.
(AE)-Applanatumol Z4 (2) has the molecular formula C 19 H 22 O 9 deduced from its HREIMS, 13 C NMR and DEPT data.
The planar structure of 2 was found to be the same as that of 1 by detailed interpretation of its 1D and 2D NMR data (MeOH) ( Table 1 ). In the same manner as that of 1, the observed ROESY correlations (Fig. 6 ) of Ha-2 0 /H-10
suggest that H-2 0 , H-6 0 , and H-10 0 are at the same side of ring B.
In addition, the correlation of H-10 0 /H-11 0 suggests that H-10 0 and H-11 0 are at the same side of ring D. By far, we found that 1 and 2 possess the same planar structures and relative congu-rations. 2 is also racemic, subsequent chiral phase HPLC separation afforded (+)-2 and (À)-2. Whereas, the almost identical optical rotations and CD curves (Fig. 7) between (À)-1 and (À)-2 suggest they have the same absolute congurations, this conclusion was supported by 13 C NMR chemical shi calculations (Fig. 8, ESI †) . The results show that the R 2 (0.99715) and CMAE (2.1) for (3 0 R,6 0 R,7 0 S,10 0 S,11 0 R)-2 are less than those of
, which suggested the absolute conguration of (À)-2 to be 3 0 R,6 0 R,7 0 S,10 0 S,11 0 R. But it was noted that racemic 1 and 2 were isolated by preparative TLC as two separable bands, and RP-HPLC analysis also indicates that (À)-1 and (À)-2 are separable two peaks (Fig. 9 ). To our knowledge, it is rare that two individual chromatographic peaks represent a congurationally identical structure. To clarify this observation, we made a close inspection of ROESY spectra between 1 and 2 and found that the ROESY correlation of H-6 0 /Ha-12 0 in 1 rather than H-6 0 /Hb-13 0 in 2 are observable, which evidently indicates that 1 and 2
are conformers. The presence of conformational isomers therefore led to slight difference of NMR data between 1 and 2.
In general, the single bond between C-7 0 -C-10 0 is exible.
However the two bulky groups located at the same orientation of ring B or C cause heavy steric hindrance which in turn results in the limitation of free rotation of C-7 0 -C-10 0 . This conclusion is also supported by the observed weak ROESY correlation of H-3/ H-11 0 . Theoretically, conformers are hardly separable with exception of a few examples 14 and their proportion is normally temperature dependent. To secure this, HPLC chromatographic behavior of a mixture of (À)-1 and (À)-2 was observed at stepwise gradient temperature alterations. It was found that the peak areas of (À)-1 and (À)-2 remain unchanged as elevated temperature (Fig. 9) , which indicates that the present conformer of either 1 and 2 is stable and preferential. The reasons for this might result from randomly attacking of glycerol with the aldehyde group when acetal reaction occurs as well as the appearance of steric hindrance. In this sense, we speculate that structures like that of 1a is likely to be present in Nature. As a consequence, the structure of 2 was determined.
Three known compounds were respectively identied as (AE)-lingzhilactone B (3), 13 (AE)-lingzhiol (4), 6 and (AE)-lucidulactone B (5) 15 by comparing their NMR data and chiral phase HPLC behaviors.
Biological evaluation
In this context, compounds 1 and 2 were evaluated for their inhibitory activities against JAK3 and DDR1 kinases. Unfortunately, none of them exhibits biological activities in these assays even at the concentration of 30 mM. In retrospect, compounds 3 and 4 have been reported to have abilities to activate Nrf2 expression and inhibit TGF-b1 induced Smad3 phosphorylation, disclosing their renoprotective effects. In this aspect, whether the new isolates are also active towards nephropathy associated assays needs to be further examined.
Experimental section
General procedure
Optical rotations were recorded on a Horiba SEPA-300 polarimeter. UV spectra were collected on a Shimadzu double-beam 210A spectrometer. CD spectra were measured on a Chirascan instrument. NMR spectra were determined on an Avance III 600 spectrometer. ESIMS was measured on Xevo TQ-S instrument. EIMS and HREIMS were measured on a Waters AutoSpec Premier P776 spectrometer. RP-18 (40-60 mm, Daiso Co., Japan), MCI gel CHP 20P (75-150 mm, Tokyo, Japan), and Sephadex LH-20 (Amersham Biosciences, Sweden). Semi-preparative HPLC was carried out on an Agilent 1200 liquid chromatograph with an YMC-Pack ODS-A column (250 Â 10 mm, i.d., 5 mm) and a Daicel Chiralpak (IC, 250 mm Â 10 mm, i.d., 5 mm), ow rate: 2.5 mL min À1 ; and an Agilent EclipseXDB-C18 column (150 mm Â 4.6 mm, i.d., 5 mm), ow rate 1.0 mL min À1 .
Fungal material
The fruiting bodies of G. applanatum were purchased from Tongkang Pharmaceutical Co. Ltd. in Guangzhou Province, PR China, in September 2013. The material was identied by Prof. Zhu-Liang Yang at Kunming Institute of Botany, Chinese Academy of Sciences, and a voucher specimen (CHYX-0590) was deposited at the State Key Laboratory of Photochemistry and Plant Resources in West China, Kunming Institute of Botany, Chinese Academy of Sciences, PR China.
Extraction and isolation
Powdered fruiting bodies of G. applanatum (30 kg) were extracted by reuxing with 80% EtOH (3 Â 120 L Â 2 h) and concentrated under reduced pressure to give a crude extract, which was suspended in water followed by extraction with EtOAc to afford an EtOAc soluble extract. The EtOAc extract (0.9 kg) was divided into seven parts (Fr. The CD spectra were generated by the program SpecDis using a Gaussian band shape with 0.3 eV exponential half-width from dipole-length dipolar and rotational strengths. The equilibrium population of each conformer at 298.15 K was calculated from its relative free energies using Boltzmann statistics. The calculated spectra of compounds were generated from the low-energy conformers according to the Boltzmann weighting of each conformer in MeOH solution. 13 C NMR calculations see ESI data. †
Assay for in vitro Janus kinase 3 (JAK3) kinase inhibition activity
The inhibitory activity of compounds 1 and 2 against JAK3 kinase was performed using the FRET-based Z 0 -Lyte assay system in line with the manufacturer's instructions (Invitrogen, Carlsbad, USA) and previously described methods. 17 In this study, staurosporine was used as a positive control with an IC 50 value of 0.31 nM.
3.7. Assay for in vitro discoidin domain receptor 1 (DDR1) kinase inhibition activity Compounds 1 and 2 were evaluated for their inhibitory activity towards DDR1 kinase using a LanthaScreen Eu kinase activity assay technology (Invitrogen, USA). and previously described methods. 17 In this study, dasatinib was used as a positive control with an IC 50 value of 13.2 nM.
Conclusions
This study resulted in the isolation of applanatumols Z3 (1) and Z4 (2) as two novel natural product hybrids. 1 and 2 are congurationally identical but different rotamers representing rare separable conformers in Nature.
